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(54) GAS BURNER WITH A VOLUME REDUCER

(57)  Volume reducer (1) for a gas boiler (2), in par-
ticular ahydrogen boiler, placeable inside a burner cham-
ber (3) of a burner (4), the volume reducer (1) comprising
awall (6) that protrudes into the burner chamber (3) when
the volumereducer (1)is placed inthe burner (4), wherein

the wall (6) is configured such that a gas mixture (15)
flowing into the burner (4) is prevented from passing
through the wall (6) protruding into the burner chamber
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Description

[0001] The invention relates to a volume reducer for a
gas boiler, in particular a hydrogen boiler and to a burner
comprising said volume reducer. Additionally, the inven-
tion relates to a combustion appliance comprising the
volume reducer or the above-mentioned burner. Also,
the invention relates to the use of the volume reducer or
the burner for reducing the space where a gas mixture
flows inside a burner chamber and to a method for ret-
rofitting a combustion appliance.

[0002] Gas boilers combust gas fuel to heat water for
domestic use and/or central heating systems in buildings.
Usually, a central heating water circuit is heated, as well
as a hot water supply. Due to the presence of high flam-
mable gases in the combustion circuits and systems,
conditions for an explosion can occur. Furthermore the
type of combustible gas can even increase this risk. For
example, compared to methane or natural gas, hydrogen
has higher flammability (4%-75% for H, compared to 5%-
17% for natural gas). Therefore, in case of explosion of
a gas boiler using pure hydrogen as fuel gas, the dam-
ages could be more severe compared to cases where
other fuel gases are used. In addition, the use of hydro-
gen can lead to further problems. For example, hydrogen
is more prone to flashback due to a higher flame speed
compared to natural gas (i.e. increase of about 500%).
Flashback is also increased by an unequal distribution
of the gas mixture over the burner ports.

[0003] Itistherefore desirable to reduce the drawbacks
in using hydrogen as fuel gas. It is particularly desirable
to reduce damages during a possible explosion and to
reduce the risk of flashback when hydrogen is used as
fuel in a gas boiler.

[0004] US 6,139,312 is directed to providing a burner
with a flame distributed along the circumference and
which allows free expansion of the circumference, main-
taining the volume and speed of the mixture which exits
the apertures at the most suitable values for optimum
combustion, in terms of both the efficiency of the com-
bustion and uniform distribution of the flame along the
burner and discloses a gas burner comprising an elon-
gated tubular body with a sidewall which has outer end
edges between which there are apertures which pass
through the sidewall, and a flange with a central through
hole and an opposite base cap, the sidewall, flange and
base cap being attached to one another in such a way
that together they define a first mixing chamber, in which
a flow of gas and air, received through the flange, exits
the tubular body through the apertures in the sidewall.
The flange and base cap have opposite guides and the
sidewall is wound in a spiral and has juxtaposed longitu-
dinal edges with fluid tight seals and outer end edges
inserted in the guides with a play designed to allow the
perimeter of the sidewall to expand or contract according
to changes in the temperature of the body. This config-
uration shows a structure in the burner having an open
surface that is only suitable for the distribution of a gas-
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eous fluid.

[0005] US 20200049345 A1 is directed to providing a
burner with a support plate formed in one piece with the
diffuser connection flange, in particular of aluminum, and
a method for manufacturing the burner, having such fea-
tures to allow a fast, precise and cost-effective junction
between the support plate and the diffuser and/or further
flow elements, e.g. a distributor and discloses a gas burn-
er comprising a support plate with a passage opening for
the gas and an annular wall formed around the passage
opening, a diffusing wall and a further flow element in-
serted on the annular wall in flow communication with
the passage opening. The annular wall forms a plurality
of punches with a recess and an opposite projection,
wherein the recess accommodates a locking protuber-
ance of the diffusing wall and the projection extends in a
locking hole of the further flow element. The structure in
the burnerhas an open surface and only increases mixing
length and enhances flow distribution.

[0006] EP 1221571 B1isdirected to providing a com-
bustion device which offers the designer of the combus-
tion device a greater degree of technical freedom in order
to coordinate the above-mentioned requirements which
are placed on a combustion device in a more optimal
manner and discloses a combustion device for burning
a mixture of gas and air comprising a burner with two
ends positioned in a combustion chamber, a mixing de-
vice for mixing the gas and air, a first feed channel for
feeding the gas to the mixing device, a second feed chan-
nel for feeding the air to the mixing device, and a third
feed channel for feeding the mixture of gas and air from
the mixing device to the burner. At least one of the feed
channels runs from one end of the burner via at least one
hollow chamber in the burner to the other end of the burn-
er and extends in at least one component positioned near
the burner to cool at least one section of the component
facing the combustion chamber. The feed channel run-
ning through the hollow chamber in the burner is the third
feed channel. The section facing the combustion cham-
ber has a thin wall with good thermal conductivity. The
component is a displacement body positioned on one
end of the burner.

[0007] EP 3 431 872 A1 is directed to providing a cy-
lindrical burner deck with reduced noise without a pres-
sure drop and discloses a cylindrical premix gas burner
comprising a cylindrical burner deck on the outside of
which premix gas is combusted, a mixing chamber inside
the cylindrical burner deck, an inlet for the introduction
of premix gas in the mixing chamber, and an end cap
delimiting the mixing chamber at the opposite side of the
cylindrical burner from the inlet. The burner comprises a
tube extending in the mixing chamber. The tube is at a
first end attached to the end cap. The other end of the
tube is open.

[0008] DE 19926871 A1 is directed to providing a mix-
ing device for a gas burner with a simple structure and
low pressure loss and discloses a gas burner for boiler
having mixture unit comprising cylindrical sleeve filled
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with packing bodies arranged in flow path between gas
nozzle and burner upper surface to form gas and air mix-
ture. The burner has a combustion air channel connected
to a fan, a gas nozzle, a mixture unit fitted after the gas
nozzle and a cylindrical burner upper surface. The mix-
ture unit comprises a cylindrical sleeve filled with packing
bodies and is arranged in the flow path between the gas
nozzle and the burner upper surface. The sleeve is pref-
erably made of perforated metal sheet, a grating structure
or a fibrous material.

[0009] The documents that are discussed above dis-
close devices, systems and methods that have an explo-
sive risk when hydrogen is used as fuel gas.

[0010] The object of the invention is therefore to pro-
vide a device that has a low explosive risk even if hydro-
gen is used as fuel gas.

[0011] The object is solved by a volume reducer for a
gas boiler, in particular a hydrogen boiler, placeable in-
side a burner chamber of a burner, the volume reducer
comprising:

a wall that protrudes into the burner chamber when
the volume reducer is placed in the burner,
wherein the wall is configured such thata gas mixture
flowing into the burner is prevented from passing
through the wall protruding in the burner chamber.

[0012] An advantage of the volume reducer is that it is
easy to implement and that it reduces the amount of po-
tentially explosive gas and air mixture inside the burner,
thereby reducing possible damages during the explo-
sion. Also, the volume reducer placed inside the burner
chamber enhances the stability of flames on the burner
deck and determines an even temperature distribution
over the burner deck. In particular, the volume reducer
improves the homogeneity of the flow speed of the mix-
ture, thereby reducing the risk of flashback. Thus, hydro-
gen can be used as a fuel gas without having a high
explosive risk.

[0013] This volume reduceris particularly useful for hy-
drogen boilers. A hydrogen boiler is a boiler to which fuel
gas is supplied that comprises at least 90 mol% hydro-
gen. In fact, using a gas with high concentration of hy-
drogen as fuel gas strongly increases the risk of an ex-
plosion as well as of flashback.

[0014] Itis noted that the volume reducer has a closed
surface, meaning that wall of the volume reducer pro-
truding inside the burner chamber represents a sort of
barrier for the gas mixture flowing insider the chamber.
In other words, the protruding wall is devoid of any open-
ing or aperture so that the gas mixture cannot pass
through the wall and is forced to deviate its flowing path
and to circulate in a smaller space inside the burner
chamber before being combusted at the burner ports. In
this way, the amount of potentially explosive gas and air
mixture inside the burner is reduced. Consequently, the
damages due to a possible explosion is also reduced.
[0015] Another advantage of the volume reducer
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placed inside the burner chamber is a reduction in ther-
moacoustic noise and peak pressure of the flashback, in
particular without reduction in pressure drop. As the pres-
sure drop can basically remain unchanged, the same
load can be reached with the same fan speed, i.e. without
additional fan power.

[0016] In one example, the volume reducer is fixable
to a peripheral wall of the burner, wherein the peripheral
wall limits the burner chamber. Advantageously, the vol-
ume reducer is fixable to a wall of the burner chamber
without the burner ports. For example, the volume reduc-
er can be fixable to a wall orthogonal to the surface of
the burner chamber comprising the ports and the volume
reducer can extend longitudinally almost parallel to said
surface with the burner ports.

[0017] In another example, the volume reducer com-
prises a fixing portion, in particular having an open end
cap, said fixing portion being fixable at a peripheral wall
of the burner chamber. The cap can have a cone shape.
The fixing portion is used to fix the volume reducer to the
burner chamber and does not protrude inside the cham-
ber. The fixing portion can be represented for example
by a flange structure connectable to the edges of a pe-
ripheral wall of the chamber such that once the volume
reducer is fixed, the peripheral wall is completely closed
by the wall of the volume reducer. The fixing portion can
also be represented by a closed surface that can be fixed
flush with the peripheral wall of the chamber.

[0018] In a further example, the volume reducer has
an axisymmetric shape, in particular the shape of a trun-
cated cone. In other words, the volume reducer can ex-
hibits a symmetry around an axis, such as a cylinder, a
cone, a trumpet shaped structure, etc.. Advantageously,
the symmetry axis is parallel to the surface of the burner
chamber having the burner ports. Other types of sym-
metric shapes can be considered for the volume reducer,
such as mirror-symmetric, repetitive-symmetric or cyclic-
symmetric shapes.

[0019] Also, the volume reducer can have a hollow
body or a solid body, in particular filled with an insulating
material. In case of a hollow body, the entire mass of the
burner chamber is not extremely enhanced. The wall of
the volume reducer can be shaped for example as a trun-
cated cone and can be fixed to a peripheral wall of the
burner chamber such that the wall of the volume reducer
can represent a continuation of said peripheral wall pro-
truding inside the chamber. In case of a solid body, the
volume reducer can be filled with a suitable insulating
material to avoid that the volume reducer becomes a heat
sink during the combustion process.

[0020] The volume reducer is preferably realized by a
single element. However, it can also be constituted by
multiple elements for example placed in the middle of the
burner chamber, such as glass or ceramic glass beads,
or other forms of packing material made of heat resistant
materials.

[0021] The volume reducer can be made of stainless
steel (e.g. plates) welded or deep pressed. Alternatively,
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the volume reducer can be made of thermal insulating or
ceramic material. The volume reducer can also be made
of a combination of stainless steel plates filled with ther-
mal isolation / ceramic material. In one example, the vol-
ume reducer can consist of stainless steel (e.g. plates)
with an cap/back plate or can consist of stainless steel
(e.g. plates) with an end cap/back plate of isolation/ce-
ramic material.

[0022] In one example, the volume reducer can be
swirl-shaped. This can improve the mixing of the gas flow
inside the burner chamber despite the reduced space
where the gas mixture is forced to flow.

[0023] It is noted that the volume reducer can prefer-
ably be used for gas boilers having a cylindrical burner.
However, the volume reducer can advantageously be
used also for gas boilers having flat burners, thereby cre-
ating a dead volume inside a mixing chamber of the burn-
er and/or between the burner and a burner door. The
volume reducer can be part of a burner door. The burner
door is a component which closes an opening of a burner
or mixing chamber.

[0024] According to another aspect of the invention, a
burner for a gas boiler, in particular a hydrogen boiler is
provided. The burner comprises a burner chamber for
receiving a gas mixture and the inventive volume reducer
placeable inside the burner chamber for reducing the
space where a gas mixture flows inside said burner
chamber.

[0025] Also, the burner chamber can comprise an end
cap region and the volume reducer can be fixable at said
end cap region. In this way, the end cap of the burner
can be advantageously replaced by the volume reducer
that acts at the same time as a cap element for the burner
and as an element for reducing the space (i.e. the vol-
ume) inside the burner chamber.

[0026] Accordingtoan additional example, the volume
ratio between the volume reducer and the burner cham-
ber is comprised between 0.45 and 0.6, in particular be-
tween 0.50 and 0.58. Also, the volume of the burner
chamber when the volume reducer is placed in the burner
chamber is at least between 0.40 and 0.60 of the volume
of the burner chamber without the volume reducer. For
example, in a burner chamber of 0.9 liters, a volume re-
ducer of about 0.52 liters can be used. In this case, the
space (i.e. the volume) of the chamber with the volume
reducer placed therein is about 0.42 times smaller than
the space of the chamber without the volume reducer. In
another example, in a burner chamber of 0.9 liters, a
volume reducer of about 0.45 liters can be used. In this
case, the space (i.e. the volume) of the chamber with the
volume reducer placed therein is about 0.5 times smaller
than the space of the chamber without the volume reduc-
er.

[0027] In an additional example, the volume reducer
has the shape of a truncated cone with afirst base fixable
to a peripheral wall of the burner chamber, a second base
opposite to the firstbase and having a surface area small-
erthatthe surface area of the firstbase, and alongitudinal
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surface extending from the first base to the second base.
Advantageously, the second base faces the entrance at
the manifold of the gas mixture.

[0028] The burner chamber can comprise a port region
having a plurality of burner ports defining a perforation
area of the burner chamber and a portion of the wall of
the volume reducer can define an intermediate gap with
said port region. In this case, it is obtained an equal dis-
tribution of the gas mixture over the burner ports, thereby
reducing the risk of flashback.

[0029] In particular, the longitudinal surface corre-
sponds to the portion of the wall of the volume reducer
defining the intermediate gap, wherein said intermediate
gap tightens passing from the second base to the first
base. In case of a volume reducer having a cylindrical
shape, the intermediate gap remains basically constant.
[0030] In one example, the transversal cross section
of the intermediate gap at a determined distance from a
peripheral wall of the burner chamber defines an inflow
area at that distance, said inflow area being greater than
the corresponding perforation area of the port region at
said distance. It is noted that the port opening area, or
perforation area, represents a parameter in relation with
the perforation size of the burner ports. This configuration
further increases equal distribution of the gas mixture
over the burner ports.

[0031] According to an additional aspect of the inven-
tion, a combustion appliance, in particular a hydrogen
boiler, comprising an inventive volume reducer or an in-
ventive burner is provided. Examples of combustion ap-
pliances can include furnaces, water heaters, boilers, di-
rect/in-direct make-up air heaters, power/jet burners and
any other residential, commercial or industrial combus-
tion appliance. In many cases, a combustion appliance
can be modulated over a plurality of burner loads, with
each burner load requiring a different flow rate of fuel
resulting in a different heat output. At higher burnerloads,
more fuel and more air are typically provided to the burn-
er, and at lower burner loads less fuel and less air are
typically provided to the burner.

[0032] In a further aspect of the invention, a use of at
least an inventive volume reducer or of an inventive burn-
erforreducing the space where a gas mixture flows inside
a burner chamber is provided.

[0033] Inanother aspect of the invention, a method for
retrofitting a combustion appliance, in particular a hydro-
gen boiler is provided. The method comprises placing at
least an inventive volume reducer inside a burner cham-
ber of the combustion appliance, orinstalling an inventive
burner according in the combustion appliance. In this
way, it is possible to modify an already installed combus-
tion appliance, such as a hydrogen boiler, by placing the
volume reducer inside the burner chamber as mentioned
above. For example, the volume reducer can be fixed to
a peripheral wall of the burner or can advantageously
replace the end cap of the burner. Alternatively, the com-
bustion appliance can be modified by replacing the burn-
er with a modified burnerhaving a volume reduced placed
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inside.

[0034] Inthefigures, the subject-matter ofthe invention
is schematically shown, wherein identical or similarly act-
ing elements are usually provided with the same refer-
ence signs.
Figures 1A-C  show a schematic representation of a
volume reducer and of a burner com-
prising the volume reducer according to
examples.

Figure 2 shows a schematic representation of a
burner comprising the volume reducer
and the direction of the gas flow inside
the burner chamber according to an ex-
ample.

Figures 3A-B  show a schematic representation of a
burner including a volume reducer with
ashape of atruncated cone and a cross
section of said burner according to an
example.

Figures 4A-B  show a schematic representation of the
inflow area in the burner chamber ac-
cording to an example.

Figures 5A-E  show schematic representations of the
burner chamber according to several
examples.

Figure 6 shows a schematic representation of
the of the burner chamber comprising
a volume reducer according to a further
example.

Figure 7 shows a schematic representation of a
combustion appliance comprising a
burner with a volume reducer according
to an example.

Figures 8A-B  show a schematic representation and
sections of the volume reducer having
the shape of a truncated cone accord-
ing to an example.

Figures 9A-B  show a schematic representation and
sections of the volume reducer having
the shape of a cylinder according to an
example.

[0035] With reference to Figure 1A, a volume reducer
1 is shown. The volume reducer 1 exhibits a symmetry
around a symmetry axis 11. In particular, the volume re-
ducer 1 has the shape of a truncated cone. The volume
reducer 1 has a wall 6 defining an external surface. In
this case, the wall 6 is represented by the bases and the
longitudinal lateral surface of the truncated cone struc-
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ture.

[0036] Figures 1B and 1C schematically illustrate the
placement of the volume reducer 1 inside the chamber
3 of a burner 4. These two figures show two different
configurations of the volume reducer 1, wherein in both
cases the volume reducer is fixed to a peripheral wall 8
of the chamber 3, i.e. to an internal wall 8 of the chamber
3, through a fixing portion 5.

[0037] Inone case (Fig. 1B), the volume reducer 1 can
be a solid element filled with a material (identical or dif-
ferent from the material of the wall) and the fixing portion
5 is represented by a surface flush with the peripheral
wall 8 of the chamber 3. In another case (Fig. 1C), the
volume reducer 1 can be a hollow element and the fixing
portion 5 is represented by a ring or flange element con-
nected to the peripheral wall 8 of the chamber 3. In ad-
dition, Figure 1C shows the example where the periph-
eral wall 8 of the chamber 3 is provided with an opening
27 and the volume reducer 1 is fixed at this opening 27,
i.e. the fixing portion 5 is fixed to the edges of the opening
27, for example through a snap-fit mechanism. In this
way, the volume reducer 1 works as a cap of the opening
27 and protrudes inside the chamber 27.

[0038] Itis noted that also the peripheral wall 8 shown
in figure 1B can be provided with an identical opening,
wherein the fixing portion 5 completely covers said open-
ing. In both cases of figures 1B and 1C, the wall 6 of the
volume reducer 1 protrudes inside the chamber 3 and
causes the space (i.e. the volume) inside the chamber 3
to be reduced. This is possible because the wall 6 of the
volume reducer 1 is a closed surface, i.e. without any
sort of perforation or opening through which the gas mix-
tures of the chamber 3 can pass through the volume re-
ducer 1. Taking figure 1C as a reference, the wall 6 is a
continued surface starting from an end of the fixing por-
tion 5 to another end of said fixing portion 5. This partic-
ularly means that a gas mixture 15 flowing inside the
chamber 3 is prevented from passing through the wall 6
of the volume reducer 1. This aspect is better illustrated
in figure 2.

[0039] Figure 2 shows a section of burner 4 including
inside a volume reducer 1. The burner 4 has a cylindrical
shape and the volume reducer 1 has the shape of a trun-
cated cone. The burner 4 comprises a port region 9 pro-
vided with a plurality of burner ports 10 (i.e. openings)
distributed on the longitudinal surface of the cylindrical
structure for the combustion of the gas mixture 15. The
several ports 10 define a perforation area 21. Usually,
the gas mixture 15 enters from a burner aperture 28,
flows inside the chamber 3 of the burner 4 and exits from
the ports 10 for the combustion. As shown in the figure,
the presence of the volume reducer 10 prevents the gas
mixture 15 from freely flowing inside the chamber 3. The
nature of the wall 6 of the volume reducer 1, i.e. the fact
that the wall 6 is a closed surface, reduces the free space
inside the chamber 3 and the gas mixture 15 is forced to
flow in the region between the volume reducer 1 and the
port region 9 before exiting from the ports 10.
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[0040] The region between the volume reducer 1 and
the port region 9 or intermediate gap 16 is highlighted in
figure 3A (shadowed area). The intermediate gap 16 is
defined by the port region 9 of the burner 4 and a portion
22 of the wall 6 of the volume reducer 1. This figure shows
an example of a burner 4 and of a volume reducer 1
placed in the chamber 3 of the burner 4. The burner 4
has a cylindrical shape having a base with a diameter Dc
and a length Lg. The volume reducer 1 has a shape of
truncated cone with a first base 13, a second base 14
and a longitudinal surface 29 connecting the first base
13 to the second base 14, wherein the first base 13, fixed
to a peripheral wall 8 of the chamber 3 of the burner 4 is
larger than the second base 14. It is noted that the lon-
gitudinal surface 29 corresponds to the portion 22 of the
wall 6 of the volume reducer 1 defining the intermediate
gap 16. The length of the intermediate gap 16 basically
corresponds to the height Hr of the volume reducer 1,
i.e. the distance between the first base 13 and the second
base 14, i.e. the distance between the second base 14
from the peripheral wall 8 to which the volume reducer 1
is fixed.

[0041] It is noted that the aperture diameter Dc of the
burner 4 is usually the same even for different burner
outputs. The burner outputs can be in a range 20 to 50
kW , whereas the length Lg can vary based on these
outputs.

[0042] Figure 3B is a cross section of figure 3A along
the line A-A. The cross section is carried out at a distance
d from the first base 13. Atdistance d, the volume reducer
1 has an average diameter Dr and the width of the inter-
mediate gap is Wv. The area of the ring formed by sub-
tracting the cross section area of the volume reducer 1
with a diameter Dr from the cross section area of the
burner chamber 3 with a diameter Dc, represents a so
called inflow area 12, that is the area crossed by the gas
mixture 15 in the intermediate gap 16 before exiting the
burner ports 10. In particular, if the perforation area 21
of the port region 9 is taken into account, the inflow area
12 at a certain distance from the peripheral wall 8 to which
the volume reducer 1 is fixed, is always greater than the
perforation area 21 at thatdistance. The relation between
the perforation area 21 andtheinflow area 12is illustrated
in figures 4A and 4B. In figure 4A, the variation of the
inflow area 12 as a function of the distance from the first
base 13 of the volume reducer 1 is shown. From figure
4B, itis clear that the inflow area 12i at a generic distance
i is represented by the surface of a ring, whereas the
perforation area 21; is represented by the depth of said
ring.

[0043] Figure 5A is an illustration of a burner 4 without
the volume reducer 1 placed inside. The burner 4 has a
chamber 3 connected to a manifold element 20 through
a bend region 19. Figures 5B to 5E show four different
examples of volume reducers 1 placed in the chamber 3
to reduce the volume of said chamber 3. Asregards figure
5B, the volume reducer 1 has the shape of a hollow trun-
cated cone andis fixed to a peripheral wall of the chamber
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3 opposite to the manifold 20. In particular, the volume
reducer 1 is located at an end cap region 18 of the burner
4. In this case, the volume reducer 1 replaces the end
cap of the burner 4 and protrudes inside the chamber 3.
[0044] Infigure5C,the volumereducer 1 hasthe shape
of a solid truncated cone and is fixed to a peripheral wall
of the chamber 3 opposite to the manifold 20. In this case,
the volume reducer 1 is not hollow and is filled with an
insulating material. In figure 5D, the volume reducer 1
has the shape of a long trumpet. In this way, the space
inside the chamber is further reduced due to the presence
of a portion of the volume reducer 1 extending also in
mixing area/manifold/bend region. It is noted that in both
the configurations shown in figures 5C-5D the volume
reducer 1 can replace the end cap of the burner 4, thereby
protruding inside the chamber 3 from the end cap region
18. Figure 5E shows a different configuration, wherein
the volume reducer 1 is fixed at a side of the manifold 20
or bend region 19. In this case, the volume reducer 1 has
a cylindrical shape.

[0045] Figure 6 shows aburner4 with a volumereducer
1in the chamber 3 according to an example. In this case,
the volume reducer 1 has the shape of a truncated cone
and is fixed to the burner 4 at two different points. In
particular, at one side the volume reducer 1 is held in
place with a fixing rod 26, i.e. a threated rod, mounted
on the bend region 19 of the manifold 20. The rod 26 is
fixed through the employment of a suitable bolt 17. At
the other side, the volume reducer 1 is connected to the
peripheral wall 8 of the chamber 3 at the end cap region
18 of the burner 4. At the end cap region 18, between
the volume reducer 1 and the end-cap of the burner 4,
can be placed a graphite seal. It is noted that this con-
figuration as well as the configuration of figure 5E, where-
in the volume reducer 1 is directly or indirectly fixed to
the bend region 19 of the manifold 20, can be advanta-
geously used for experimental purposes to evaluate the
efficient introduction of a such volume reducer 1 inside
chamber 3.

[0046] Figure 7 illustrates a combustion appliance 7,
i.e. a gas boiler 2, comprising the volume reducer 1 as
described above. In particular, the combustion appliance
7 comprises an air inlet and gas inlet, wherein a gas mix-
tureis formed andled to a gas burner 4 through a manifold
20. Inside the chamber 3 of the burner 4 is placed a vol-
ume reducer 1 having for example the shape of a trun-
cated cone. The volume reducer 1 determined a reduc-
tion of the internal space of the chamber 3 so that the
gas mixture is forced to flow in a reduced volume. Ac-
cordingly, damages arising from a possible explosion can
be strongly reduced.

[0047] Figures 8A-8B and 9A-9B illustrate the volume
reducer 1 according to two different configurations. Fig-
ure 8A shows for example a volume reducer 1 having
the form of a truncated cone. The volume reducer 1 is
solid, for example made of wood. The reducer 1 can be
glued with silicon to the center of the burner end-cap,
and clamped with a metal plate between burner flange
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and burner door. For this purpose, a plurality of fixing
holes 24, for example three, are present on one base
(i.e. first base or larger base) of the volume reducer 1.
As shown in the lateral and transversal cross sections of
the volume reducer 1 (Fig. 8B), for each fixing hole 24 a
fixing channel 25 is provided. Each channel can have a
length Lc comprised between 48 mm and 51 mm, in par-
ticular 49.8 mm, wherein each hole can have a diameter
Dh comprised between 2 mm and 4 mm, in particular 3.2
mm. In addition, the volume reducer 1 can comprise a
first base having a diameter Dr; comprised between 75
mm and 95 mm, in particular 88 mm, a second base
having a diameter Dr, comprised between 65 mm and
75 mm, in particular 70 mm, and a length Hr comprised
between 100 mm and 115 mm, in particular 107 mm.
[0048] Figure 9A shows for example a volume reducer
1 having the form of a truncated cone with a tapered
frontal region 23. The volume reducer 1 is solid, for ex-
ample made of aluminum. The volume reducer 1 is held
in place through a fixing rod 26, as described in figure 6.
For this purpose, one base (smaller base) of the volume
reducer 1 is provided with a central fixing hole 24. As
shown in the lateral and transversal cross sections of the
volume reducer 1 (Fig. 9B), the reducer 1 is provided with
a fixing channel 25. The fixing hole 24 has a diameter
Dh comprised between 4 mm and 6 mm, in particular 5
mm and the channel 25 has a length Lc, comprised be-
tween 65 mm and 75 mm, in particular 70 mm. The chan-
nel further comprises a reinforced region having a length
comprised between 45 mm and 55 mm, in particular 50
mm. The volume reducer 1 has a total height Hr; com-
prised between 100 mm and 115 mm, in particular 107
mm, and an intermediate height Hr, (from the larger base
opposite to the smaller base provided with the fixing hole
24) comprised between 90 mm and 105 mm, in particular
97 mm. Due to the presence of the tapered region 23,
the volume reducer 1 comprises a larger base having a
diameter Dry comprised between 70 mm and 90 mm, in
particular 80 mm, an intermediate base having a diam-
eter Dr, comprised between 65 mm and 75 mm, in par-
ticular 70.9 mm, and a smaller base having a diameter
Dr4 comprised between 45 mm and 55 mm, in particular
50 mm.

Reference Signs
[0049]

Volume reducer

Gas boiler

Burner chamber
Burner

Fixing portion

Wall

Combustion appliance
Peripheral wall

Port region

0. Burner ports
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11.  Symmetry axis
12.  Inflow area

13.  First base

14.  Second base

15.  Gas mixture

16.  Intermediate gap
17. Bolt

18.  End cap region
19. Bend region

20. Manifold

21.  Perforation area
22.  Portion of wall
23. Tapered region
24.  Fixing holes

25.  Fixing channel
26. Fixing rod

27.  Opening

28.  Burner aperture
29. Longitudinal surface

Claims

1. Volume reducer (1) for a gas boiler (2), in particular

a hydrogen boiler, placeable inside a burner cham-
ber (3) of a burner (4), the volume reducer (1) com-
prising:
a wall (6) that protrudes into the burner chamber (3)
when the volume reducer (1) is placed in the burner
(4), wherein the wall (6) is configured such that a gas
mixture (15) flowing into the burner (4) is prevented
from passing through the wall (6) protruding into the
burner chamber (6).

2. Volume reducer (1) according to claim 1, character-
ized in that the volume reducer (1) is fixable to a
peripheral wall (8) of the burner (4), wherein the pe-
ripheral wall (8) limits the burner chamber (3).

3. Volume reducer (1) according to any one of claims
1to 2, characterized in that the volume reducer (1)
comprises a fixing portion (5), in particular having an
cap, said fixing portion (5) being fixable at a periph-
eral wall (8) of the burner chamber.

4. Volume reducer (1) according to any one of claims
1 to 3, characterized in that

a. the volume reducer (1) has an axisymmetric
shape, in particular the shape of a truncated
cone; and/or

b. the volume reducer (1) has a hollow body or
a solid body, in particular filled with an insulating
material.

5. Volume reducer (1) according to any one of claims
1 to 3, characterized in that the volume reducer (1)
is swirl-shaped.
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Burner (4)foragas boiler (2), in particular a hydrogen
boiler, comprising:

a burner chamber (3) for receiving a gas mixture
(15), and

at least a volume reducer (1) according to any
one of claims 1 to 5, placeable inside the burner
chamber (3) for reducing a space where a gas
mixture (15) flows inside said burner chamber

@)

Burner (4) according to claim 6, characterized in
that the burner chamber (3) comprises an end cap
region (18) and the volume reducer (1) is fixable at
said end cap region (18).

Burner (4) according to any one of claims 6 to 7,
characterized in that

a. the volume ratio between the volume reducer
(1) and the burner chamber (3) is comprised be-
tween 0.45 and 0.6, in particular between 0.50
and 0.58; and/or

b. the volume of the burner chamber (3) when
the volume reducer (1) is placed in the burner
chamber (3) is at least between 0.40 and 0.60
of the volume of the burner chamber (3) without
the volume reducer (1).

Burner (4) according to any one of the claims 6 to 8,
characterized in that the volume reducer (1) has
the shape of a truncated cone with a first base (13)
fixable to a peripheral wall (8) of the burner chamber
(3), asecond base (14) opposite to the firstbase (13)
and having a surface area smaller that the surface
area of the first base (13), and a longitudinal surface
(29) extending from the first base (13) to the second
base (14).

Burner (4) according to any one of the claims 6 to 9,
characterized in that the burner chamber (3) com-
prises a port region (9) having a plurality of burner
ports (10) defining a perforation area (21) of the burn-
er chamber (3) and a portion (22) of the wall (6) of
the volume reducer (1) defines an intermediate gap
(16) with said port region (9).

Burner (4) according to claims 9 and 10, character-
ized in that the longitudinal surface (29) corre-
sponds to the portion (22) of the wall (6) of the volume
reducer (1) defining the intermediate gap (16),
wherein said intermediate gap (16) tightens passing
from the second base (14) to the first base (13).

Burner (4) according to any one of claims 10 to 11,
characterized in that the transversal cross section
ofthe intermediate gap (16) ata determined distance
from a peripheral wall (8) of the burner chamber (3)
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13.

14.

15.

defines an inflow area (12) at that distance, said in-
flow area (12) being greater than the corresponding
perforation area (21) of the port region (9) at said
distance.

Combustion appliance (7), in particular a hydrogen
boiler, comprising the volume reducer (1) according
toany one of claims 1 to 5 or the burner (4) according
to any one of clams 6 to 12.

Use of at least a volume reducer (1) according to
any one of claims 1 to 5 or of at least a burner (4)
according to any one of claims 6 to 12 for reducing
the space where a gas mixture (15) flows inside a
burner chamber (3).

Method for retrofitting a combustion appliance (7),
in particular a hydrogen boiler, comprising

placing at least a volume reducer (1) according to
anyone of claims 1 to 5 inside a burner chamber (3)
of the combustion appliance (7), or

installing a burner (4) according to any one of claims
6 to 12 in the combustion appliance (7).
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